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A Meta-Analysis of Colorectal Cancer and Asbestos
Exposure

David M. Homa,1'2 David H. Garabrant,1 and Brenda W. Gillespie3

A meta-analysis of the relation between asbestos exposure and colorectal cancer
mortality was conducted, using published reports of 20 asbestos-exposed cohorts. Sum-
mary standardized mortality ratios (SMRs) for colorectal cancer were examined in re-
lation to asbestos type and estimates of dust exposure (as direct estimators of asbestos
exposure) ahd in relation to lung cancer SMR and the proportion of all deaths due to
mesothelloma (as proxy estimators of asbestos exposure). An elevated summary SMR
was observed in cohorts exposed to amphibole asbestos (summary SMR = 1.47; 95%
confidence interval (Cl) 1.09-2.00), but not in cohorts exposed to serpentine asbestos
(summary SMR = 1.04; 95% Cl 0.81-1.33) or in cohorts exposed to both serpentine and
amphibole asbestos (summary SMR = 1.03; 95% Cl 0.74^1.42). Cohorts having a lung
cancer SMR greater than 2.00 had a summary SMR of 1.51 (95% Cl 1.29^1.76), and
cohorts ih which more than 1 % 6f all deaths were attributed to mesotheliofna had a
summary SMR of 1.24 (95% Cl 0.94-1.64), After stratifying the cohorts based on mor-
tality due to all cancers excluding those known or suspected to be associated with
asbestos exposure, lung cancer mortality was not clearly associated with colorectal
cancer mortality, suggesting that the crude association between these factors may be
due to misdiagnosis of lung cancer as other types of cancer in the reported causes of
death. These results suggest that exposure to amphibole asbestos may be associated
with colorectal cancer, but these findings may reflect an artifact of miscertification of
cause of death. The results also suggest that serpentine asbestos is not associated with
colorectal cancer. Am J Epidemiol 1994;139:12i0-22.
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The role of asbestos exposure in the eti-
ology of colorectal cancer remains un-
clear despite several previous quantitative
reviews of the literature (meta-analyses)
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(1-4). These have noted a slight overall el-
evation in mortality from colorectal neo-
plasms among cohorts of asbestos-exposed
workers (summary standardized mortality
ratios (SMRs) = 1.03-1.14). Some reviews,
in attempting to identify sources of hetero-
geneity among cohorts, have focused upon
factors that may serve as proxy indicators of
asbestos exposure. Of these, lung cancer
mortality is most prominent because a cor-
relation between colorectal cancer mortality
and lung cancer mortality has been consis-
tently observed (2,3,5). The extent to which
increasing lung cancer mortality corre-
sponds to increasing intensity of asbestos
exposure, however, has been disputed (6,7),
and the validity of using lung cancer mor-
tality as a proxy estimator of asbestos ex-
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posure has not been established, although it
is intuitively attractive. No previous meta-
analysis has investigated direct estimators of
asbestos exposure, such as type of asbestos
or dust levels, as sources of heterogeneity in
colorectal cancer SMRs. Previous meta-
analyses also have differed on whether they
distinguished between mortality and inci-
dence endpoints and on the statistical meth-
ods used.

This report presents a meta-analysis of as-
bestos exposure and colorectal cancer mor-
tality in which asbestos type and dust levels
are investigated as direct estimators of as-
bestos exposure. Mortality from lung cancer
and the proportion of deaths due to mesothe-
lioma are investigated as proxy estimators of
asbestos exposure. Two statistical methods,
Poisson regression and an approach based
on random effects, are used to compute sum-
mary SMRs and confidence intervals. The
results and inferences obtained from these
methods are compared and contrasted.

MATERIALS AND METHODS

Cohorts included in analysis

A search of the literature was performed
to find all published reports of asbestos-
exposed cohorts in which mortality due to
cancers of the colon and rectum was re-
ported. From 16 studies identified (8-23),
the following data regarding 20 cohorts
were abstracted: observed and expected
numbers of deaths due to colon and rectal
cancer (or colorectal cancer), lung cancer,
esophageal cancer, stomach cancer, all can-
cers, and all causes of death; the total num-
ber of reported mesotheliomas; whether a
latency period was considered and, if so, the
length of that period; the types of asbestos
to which cohort members were exposed; and
information regarding dust exposure. When
results were presented using both death cer-
tificate and "best evidence" criteria, results
based upon death certificates were used.
When a study presented results both ignor-
ing latency and taking a latency period into
account, the latter results were used. The
most recent report for any given cohort was
used.

From the abstracted data, SMRs were
computed for each cohort for the following
diseases: colorectal cancer; lung cancer; all
cancers; all cancers after subtracting colo-
rectal cancers, lung cancers, mesotheliomas,
esophageal cancers, and stomach cancers;
and all deaths. In addition, the percentage of
all deaths due to mesotheliomas in each co-
hort was computed. These measures are
listed in table 1. For one study (16) in which
the deaths due to all cancers were not re-
ported, this number was estimated from gen-
eral population rates (24).

Cohorts were classified on asbestos type
based upon the types used, the proportions
in which they were used, and the time pe-
riods during which they were used. If a par-
ticular type constituted 95 percent or more
of asbestos exposure, it was considered to be
the predominant exposure for the cohort. In
cohorts for which quantitative information
on the composition of asbestos exposure
was not available, a best judgment regarding
classification on type was made. Three cat-
egories of asbestos type were defined: 1) ex-
posure entirely or predominantly serpentine
asbestos (chrysotile), 2) exposure entirely or
predominantly amphibole asbestos (arao-
site, crocidolite), and 3) exposure to both
serpentine and amphibole asbestos, with
proportions unknown. For simplicity, these
categories will be referred to as serpen-
tine, amphibole, and mixed, respectively,
throughout the text. Information regarding
the type of asbestos was not reported for
three cohorts. Two of these cohorts were de-
rived from a German nationwide registry of
asbestos workers (18), for which the expo-
sure was assumed to be mixed. The other
cohort (8) also was coded as mixed asbestos
type based on other published materials
(25).

A measure of typical dust exposure
(mean, median, or range) was obtained for
each cohort, either by abstracting a directly
reported value or by calculating an estimate
using published information. Based upon
the distribution of these measures, the co-
horts were placed into categories defined as
low (<6 fibers/ml), moderate (6-12 fibers/
ml), or high (>12 fibers/ml) exposure. For
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converting particle counts to fiber counts,
1,000,000 particles/cu ft were considered
approximately equal to 35.3 particles/ml,
which was considered approximately equal
to one fiber/ml (5). Because concentrations
of respirable particulates usually follow a
distribution that is unimodal and positively
skewed (25), median values would be ex-
pected to be smaller than mean values. In the
cases where ranges were defined, a judg-
ment was made based upon the character-
istics of the cohort regarding which dust
level category best represented typical ex-
posure. Four cohorts (8,16,18) for which it
was not possible to obtain a typical dust ex-
posure were placed into a fourth category,
dust level undetermined, for analysis. Type
of asbestos and dust exposure classifications
for the cohorts are listed in table 2.

Latency was considered because cancer
attributable to asbestos exposure typically
does not occur until some time has passed
after exposure; this period has been esti-
mated at 5—35 years for lung cancer and as
long as 50 years for mesothelioma (5). For
the studies that reported results based on a
latency period, latency periods were defined
as the time elapsed since the first exposure.
For this analysis, studies were categorized
simply on whether they had considered a
latency period, rather than on the length of
the latency period used. Latency periods for
each cohort are presented in table 2.

Statistical analyses

Analyses were performed separately for
SMR studies with exclusively male cohorts
and for all SMR studies combined. How-
ever, only one small cohort was exclusively
female (14), and females represented a small
percentage of the overall membership of all
cohorts. Since the results for males alone
were not appreciably different from the re-
sults for all cohorts, results based on analy-
ses using all cohorts are presented.

Two methods were used to obtain sum-
mary SMRs and 95 percent confidence
intervals (CIs) for univariate analyses: 1)
Poisson regression techniques and 2) a

technique based upon random effects as-
sumptions.

Poisson regression. Summary SMRs
and 95 percent confidence intervals were
obtained from multiplicative Poisson re-
gression models (26). The goodness of fit
for a model is evaluated by the deviance sta-
tistic, which has a chi-squared distribution
with degrees of freedom equal to the number
of cohorts minus the total number of terms
in the model (27). A model fitting the data
well would have an expected deviance sta-
tistic equal to the degrees of freedom. Sum-
mary SMRs based upon Poisson regression
models will be identical to those obtained
from elementary summation methods that
were used in earlier quantitative reviews of
asbestos exposure and colorectal cancer (1,
4). Confidence intervals for summary SMRs
from Poisson regression are obtained by ex-
ponentiating the confidence intervals for the
linear predictor, which are calculated from
the variance-covariance matrix of the pa-
rameter estimates. This method of obtaining
confidence intervals has been illustrated in
detail for logistic regression (28), but the
calculation for Poisson regression will be
analogous.

Random effects method. This approach
for computing summary SMRs is adapted
from a method for combining event rate dif-
ferences from clinical trials (29) and is de-
scribed in the report by Frumkin and Berlin
(2). This method allows for heterogeneity
among study results that may remain even
after categorizing studies into relatively ho-
mogeneous groups. For k studies, a chi-
squared statistic (Q) for heterogeneity with
k - 1 degrees of freedom can be computed
to test the null hypothesis that the studies are
homogeneous, i.e., measuring the same un-
derlying SMR. However, even if significant
heterogeneity is found, the estimation
method is still valid since any heterogeneity
is built into the variance of the summary
SMR. The summary SMR for k studies is
obtained by exponentiating the weighted
mean of the reported log SMRs. An approxi-
mate 95 percent confidence interval for the
summary SMR can be obtained by expo-
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nentiating the endpoints for the 95 percent
confidence interval for the log summary
SMR (2).

Analysis strategy. Univariate analyses
were performed using both the Poisson re-
gression and random effects methods. For
the random effects method, separate sum-
mary SMRs were calculated within each
level of the categorical variable of interest.
For Poisson regression, each variable was
entered separately into a single-variable
model. The random effects method is more
appropriate than Poisson regression since
there is likely to be heterogeneity in the co-
horts within strata. Both methods are pre-
sented for comparison since Poisson regres-
sion provides the same summary SMRs as
the summation methods that have been rou-
tinely used.

Lung cancer SMR was analyzed as a di-
chotomous variable, with categories defined
as lung cancer SMR either less than or equal
to 2.00 versus greater than 2.00. Lung can-
cer SMR also was analyzed in its continuous
form using Poisson regression; summary
SMRs were computed for a range of values
bounded by the largest and smallest ob-
served values of the lung cancer SMR. The
percentage of all deaths attributed to me-
sothelioma was analyzed in a manner analo-
gous to that for lung cancer SMR. The cat-
egories for the dichotomous form of this
variable were defined as either less than or
equal to 1 percent versus greater than 1 per-
cent, with the cutpoint chosen to achieve
roughly equal numbers of cohorts in both
categories. Asbestos type and asbestos dust
level were analyzed as categorical variables,
as given in table 2.

Summary SMRs also were calculated
within each level of asbestos type for lung
cancer SMR, the percentage of all deaths
due to mesothelioma, and dust level using
the random effects method. Within-strata
analyses also were performed after catego-
rizing studies on whether or not they took a
latency period into account.

Summary SMRs for all variables also
were computed using the random effects
method after categorizing the studies based

on the SMR for all cancers, excluding those
types known or suspected to be related to
asbestos exposure (lung, mesothelioma,
esophageal, stomach, and colorectal can-
cers). The studies were divided into two
strata, using the median SMR of 1.11 as the
dividing point. This analysis was performed
to investigate the hypothesis of Doll and
Peto (5) that the observed association be-
tween lung cancer SMRs and colorectal can-
cer SMRs may, in fact, be due to miscerti-
fication on death certificates of lung cancer
and mesothelioma as cancer of other types.
Other cancers have been implicated with as-
bestos exposure, namely, cancers of the oral
cavity, larynx, and kidney (5, 9, 30). As
these neoplasms were inconsistently re-
ported across the cohorts used, they were not
included with cancers associated with asbes-
tos exposure. The other cancer SMR thus
could be biased upward; however, as these
cancers are less common than the other
asbestos-related neoplasms (31), it is un-
likely that this bias would cause an appre-
ciable change in the categorization of co-
horts on other cancer SMR.

The coding of dust level and asbestos type
was based on the reported values from each
paper, which were not always specific or
complete, and thus presented the potential
for misclassification. To evaluate the per-
formance of these variables, we assessed
their ability to predict lung cancer SMR and
the percentage of all deaths attributed to me-
sotheliomas. If these variables performed in
the expected manner, the occurrence of both
lung cancer and mesothelioma would be ex-
pected to increase as the level of dust in-
creases; in addition, cohorts exposed to am-
phibole asbestos would be expected to have
higher levels of lung cancer and mesothe-
lioma, as amphibole asbestos is considered
more carcinogenic than is serpentine asbes-
tos (5). The ability of these variables to pre-
dict lung cancer SMR was assessed by com-
puting summary SMRs using the random
effects method. The ability of the variables
to predict mesothelioma occurrence was as-
sessed by comparing the distribution of the
percentage of all deaths attributed to me-
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1216 Homaetal.

sothelioma for each level of the type of as-
bestos and dust exposure variables; differ-
ences between the strata for each variable
were tested using the Kruskal-Wallis test
(32).

The Statistical Analysis System (SAS)
was used for obtaining descriptive statistics
and for computing Kruskal-Wallis tests (33-
35). Epilog Plus (36) was used to perform
Poisson regression.

RESULTS

Assessment of dust level and asbestos
type as predictors of lung cancer risk

The dust level variable predicted lung
cancer SMRs in the expected direction. The
summary lung cancer SMRs (with 95 per-
cent CIs) were as follows: low dust expo-
sure, 1.21 (0.90-1.63); moderate, 1.95
(1.22-3.12); high, 2.38 (1.24-4.56); and un-
known, 2.19 (1.16-4.13). For the analysis of
asbestos type, summary SMRs for lung can-
cer were as follows: serpentine asbestos,
1.40 (1.15-1.69); mixed asbestos, 2.13
(1.40-3.24); and amphibole asbestos, 2.97
(1.73-5.09).

The directions of effect for dust level and
asbestos type on the percentage of all deaths
due to mesothelioma were generally consis-
tent with expectations, although none of
these differences were statistically signifi-
cant. For dust level, the median percentages
of mesotheliomas were 0.53,0.82,1.25, and
3.65 for low, medium, high, and unknown
dust levels, respectively (Kruskal-Wallis
X2 = 1.96 (3 df); p = 0.58). For asbestos
type, the median percentages of mesothe-
liomas were 0.30, 2.04, and 1.50 among
serpentine-, mixed-, and amphibole-exposed
cohorts, respectively (Kruskal-Wallis x2 =
3.80 (2 df); p = 0.15). Thus, based on ob-
serving the expected relations between dust
levels and lung cancer SMR, asbestos type
and lung cancer SMR, dust levels and the
proportion of deaths due to mesotheliomas,
and asbestos type and the proportion of
deaths due to mesothelioma, we feel that the
categorizations by dust level and asbestos
type represent exposure meaningfully.

Meta-analysis results

Table 3 presents univariate results based
upon all SMR studies for the direct estima-
tors of asbestos exposure (asbestos type and
dust level) and for the proxy estimators
(lung cancer SMR and the percentage of
deaths due to mesothelioma). In general, the
random effects method and the Poisson re-
gressions gave similar estimates of the
summary colorectal cancer SMR, but the
random effects method tended, appropri-
ately, to produce wider confidence intervals
when the SMRs were heterogeneous across
studies.

Overall, a slight elevation in the sum-
mary colorectal cancer SMR was observed
(SMR = 1.10 for random effects and 1.02
for Poisson regression) with considerable
heterogeneity remaining. The summary
colorectal cancer SMR was elevated in co-
horts in which the lung cancer SMR was
greater than 2.00, with both methods giving
similar SMRs (1.51 and 1.48) and confi-
dence intervals; these studies were rela-
tively homogeneous. Slightly elevated sum-
mary colorectal cancer SMRs (1.24 and
1.23) were observed for cohorts in which
mesotheliomas comprised more than 1 per-
cent of all deaths. The random effects
method gave broader confidence intervals
(including the null value of 1.00) than did
Poisson regression, which reflected the
relatively large heterogeneity remaining in
the data.

Cohorts exposed to amphibole asbestos
had an elevated summary colorectal cancer
SMR, with both methods providing similar
SMRs (1.47 and 1.45) and confidence in-
tervals. No appreciable elevation of the
summary colorectal cancer SMR was ob-
served for cohorts exposed to either serpen-
tine asbestos or mixed asbestos. The sum-
mary SMR increased as the dust level
increased under the random effects model,
but showed no clear pattern under the Pois-
son regression model. All categories of dust
level displayed considerable heterogeneity.

The results obtained within categories of
asbestos type are presented in table 4. The
summary SMR for colorectal cancer was el-

 at C
D

C
 Public H

ealth L
ibrary &

 Inform
ation C

enter on M
ay 15, 2014

http://aje.oxfordjournals.org/
D

ow
nloaded from

 

http://aje.oxfordjournals.org/


Meta-Analysis of Colorectal Cancer and Asbestos 1217

TABLE 3. Summary
effects and Polsson

Study
characteristic

Overall
Lung cancer SMR

Dichotomous
£2.00

>2.00
Continuous

0.97 (minimum)
1.00
2.00

3.00
4.00
4.97 (maximum)

% of all deaths from
mesotheliomas

Dichotomous
£ 1

>1
Continuous

0 (minimum)
0.5
1.0

3.0
5.0
5.7 (maximum)

Asbestos type
Serpentine
Mixed
Amphibole

Dust level
Low
Medium

High
Undetermined

colorectal cancer standardized mortality ratios (SMRs) calculated from random
regression

No. of
studies

20

12

8

11

9

9
8
3

4
8

4
4

Random effects

Colorectal cancer

SMR

1.10

0.89

1.51

NA*
NA
NA

NA
NA
NA

1.01

1.24

NA
NA
NA

NA
NA
NA

1.04
1.03
1.47

1.06
1.13

1.18
1.02

95% Cl*

0.92-1.32

0.73-1.09

1.29-1.76

0.80-1.26

0.94-1.64

0.81-1.33
0.74-1.42
1.09-2.00

0.69-1.62
0.86-1.47

0.75-1.86
0.52-2.02

Hetero-
geneity

51.83

19.89

4.47

23.23

19.35

15.72
24.98
2.18

8.49
12.97

14.06
13.83

P
value

<0.001

0.056

0.83

0.0079

0.011

0.057
<0.001
0.59

0.049
0.099

<0.001
0.0011

Poisson regression

Cotorectal cancer

SMR

1.02

0.83

1.48

0.77
0.78
0.98

1.23
1.55
1.94

0.92

1.23

0.94
0.97
0.99

1.10
1.21
1.26

0.90
1.08
1.45

1.01
1.14

0.94
0.98

95% Cl

0.92-1.13

0.73-0.95

1.27-1.74

0.67-0.89
0.67-0.90
0.88-1.09

1.10-1.38
1.32-1.82
1.55-2.42

0.81-1.05

1.05-1.44

0.82-1.08
0.86-1.09
0.89-1.10

0.97-1.24
0.98-1.50
0.98-1.61

0.78-1.05
0.92-1.26
1.08-1.93

0.79-1.29
0.96-1.36

0.79-1.12
0.75-1.27

Model
df

19

18

18

18

18

17

16

Devi-
ance

51.84

22.86

18.25

44.45

48.85

43.69

49.27

P
value

<0.001

0.20

0.44

<0.001

<0.001

<0.001

<0.001

• Cl, confidence Interval; NA, not applicable.

evated in cohorts that had a lung cancer
SMR over 2.00 and that were exposed to
serpentine asbestos or to mixed asbestos.
Among amphibole-exposed cohorts, the
summary SMR for colorectal cancer was el-
evated regardless of the level of the SMR for
lung cancer. When the other exposure vari-
ables were examined, all three amphibole-
exposed cohorts had greater than 1 percent
of all deaths due to mesothelioma and had
been exposed to high dust levels; these co-

horts showed increased risk (summary colo-
rectal cancer SMR = 1.47). Summary colo-
rectal cancer SMRs were not clearly
elevated in the serpentine or mixed exposure
cohorts that had greater than 1 percent of
deaths due to mesothelioma. Cohorts ex-
posed to serpentine asbestos actually
showed a pattern of decreasing colorectal
cancer risk as dust exposure increased,
while mixed asbestos cohorts showed no
clear pattern.
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TABLE 4. Analysis by
Intervals (CIs) obtained

Study
characteristic

All studies
Lung cancer SMR

£2.00
>2.00

% of all deaths from
mesothelioma

=£1

>1
Dust level

Low
Medium
High
Unknown

asbestos type, with standardized
using the random effects method

NO. Of
studies

9

7
2

7
2

3
5
1
0

Serpentine

Colorectal cancer

SMR

1.04

0.99
1.73

0.98
1.31

1.21
1.00
0.78
NA

95% Cl

0.81-1.33

0.76-1.28
0.83-3.63

0.74-1.30
0.91-1.88

0.75-1.95
0.73-1.38
0.63-0.98

No. of
studies

8

4
4

4
4

1
3
0
4

mortality ratios (SMRs) and
I

Asbestos type

Mixed

Colorectal cancer

SMR

1.03

0.66
1.48

1.03
1.04

0.72
1.18
NA
1.03

95% Cl

0.74-1.42

0.49-0.88
1.24-1.78

0.71-1.49
0.52-2.11

0.43-1.19
0.78-1.77

0.52-2.02

No. of
studies

3

1
2

0
3

0
0
3
0

confidence

Amphlbole

Colorectal cancer

SMR 95% Cl

1.47 1.09-2.00

1.32 0.71-2.45
1.49 0.93-2.39

NA*
1.47 1.09-2.00

NA
NA
1.47 1.09-2.00
NA

• NA, not applicable.

Ten studies had reported results by la-
tency, while 10 had not. These two groups
were examined separately to determine if
the results differed. There was no associa-
tion between dust level and colorectal can-
cer SMR in either group of studies. In both
groups, the colorectal cancer SMR was sig-
nificantly elevated in those cohorts in which

. the lung cancer SMR was above 2.00 (no-
latency cohorts: summary colorectal cancer
SMR = 1.32, 95 percent Cl 1.02-1.70; la-
tency cohorts: summary colorectal cancer
SMR = 1.67,95 percent Cl 1.25-2.21). The
association between the percentage of
deaths due to mesothelioma and colorectal
cancer SMR was slightly stronger among
studies in which a latency period was con-
sidered than among studies in which it was
not considered. One study of amphibole-
exposed subjects had taken a latency period
into account (17) (colorectal cancer SMR =
1.85, 95 percent Cl 1.22-2.81), while two
had not (summary colorectal cancer SMR =
1.21, 95 percent Cl 0.81-1.81). The smaller
SMR for the latter studies perhaps reflects
the influence of including subjects exposed
to asbestos who had not experienced an ad-
equate latency period for cancer to develop.
Otherwise, there were no appreciable dif-
ferences between studies that had reported
findings by latency and those that had not.

Results obtained after dividing the co-
horts based on the SMR for all cancers
(excluding lung, mesothelial, esophageal,
stomach, and colorectal cancers) are given
in table 5. Among 10 cohorts in which the
all cancer SMR was below 1.11, the sum-
mary colorectal cancer SMR was consis-
tently low. Furthermore, no relation was in-
dicated between the summary colorectal
cancer SMR and dust level, asbestos type, or
percentage of all deaths due to mesothe-
lioma. The colorectal cancer SMR was el-
evated in the one study in which the lung
cancer SMR was above 2.00. However, this
cohort (14) was extremely small and the
colorectal cancer SMR was unstable, being
based on four deaths. These observations
suggest that, in those studies in which all
cancer mortality is low, the colorectal can-
cer risk is not related to asbestos exposure.
However, it should be noted that there were
no cohorts primarily exposed to amphibole
asbestos in this group, and that most of the
cohorts were in the low categories of lung
cancer SMR and percentage of all deaths
due to mesothelioma.

Among cohorts in which the all cancer
SMR was greater than 1.11, the summary
colorectal cancer SMR was uniformly el-
evated. These results are consistent with the
view that asbestos exposure does not explain
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TABLE 5. Colorectal cancer standardized mortality ratios (SMRs) by level of all other cancers,* with
SMRs and confidence Intervals (CIs) obtained i

Study
characteristic

Overall
Lung cancer SMR

£2.00
>2.00

% of all deaths from mesothelioma
£ 1
>1

Asbestos type
Serpentine
Mixed
Amphibole

Asbestos dust level
Low
Moderate
High
Unknown

SMR

No. of
studies

10

9
1

8
2

6
4
0

3
4
1
2

using the irandom effects method

for other cancers s1.11

Colorectal cancer

SMR

0.85

0.81
1.98

0.91
0.57

1.00
0.66
NAt

0.98
0.94
0.78
0.57

95% Cl

0.68-1.06

0.66-1.01
0.74-5.28

0.71-1.16
0.37-0.90

0.73-1.37
0.49-0.88

0.53-1.80
0.65-1.37
0.63-0.98
0.37-0.90

SMR (or other cancers >1.11

No. of
studies

10

3
7

3
7

3
4
3

1
4
3
2

Colorectal cancer

SMR

1.43

1.23
1.50

1.31
1.50

1.23
1.48
1.47

1.29
1.40
1.47
1.57

95% Cl

1.25-1.65

0.91-1.67
1.28-1.75

1.03-1.68
1.26-1.77

0.88-1.71
1.22-1.78
1.09-2.00

0.88-1.90
1.13-1.73
1.09-2.00
1.14-2.17

• Cancers excluding lung cancer, mesothelioma, esophagus cancer, stomach cancer, and colorectal cancer,
t NA, not applicable.

elevated mortality from colorectal cancer in
these studies (5). As all cohorts primarily
exposed to amphibole asbestos were in the
high category of all cancer SMR, an addi-
tional analysis was performed in this stratum
dropping these cohorts. Little change in the
summary colorectal cancer SMRs was
found in categories containing amphibole-
exposed cohorts, indicating that the three
excluded cohorts were not exclusively el-
evating the summary SMRs within the
stratum.

DISCUSSION

The results presented support the inter-
pretation that, except perhaps among
amphibole-exposed cohorts, the risk for
colorectal cancer is not significantly el-
evated in asbestos-exposed cohorts. Univa-
riate analyses indicated that elevated mor-
tality from colorectal cancer was not related
to dust level or to exposure to serpentine or
mixed asbestos. The significant heterogene-
ity in the mixed asbestos category and the
lack of specific data on the composition of
asbestos exposure make inference in this
category difficult. The estimates of dust ex-
posure in the cohorts studied were neces-
sarily crude and may have misclassified as-

bestos exposures; however, a clear gradient
of lung cancer risk associated with dust level
was observed that is consistent with a
priori expectations.

The findings indicated that colorectal
cancer risk is increased among amphibole-
exposed cohorts. All three such cohorts had
elevated risk, with a summary SMR of 1.47
(95 percent Cl 1.09-2.00). In addition, sev-
eral cohorts with mixed amphibole and ser-
pentine exposure had significantly elevated
SMRs for colorectal cancer. All cohorts pri-
marily exposed to amphibole asbestos were
in the high dust level category (table 4), so
it was not possible to examine whether risk
was a function of type and increasing dust
level. However, within the high dust level
category, there was only one other cohort
(10) that was exposed to serpentine asbes-
tos. This cohort was large (table 1) and took
a 20-year latency period into account; colo-
rectal cancer mortality was not elevated in
this study. In contrast, only one amphibole-
exposed cohort considered a latency period,
a period of 5 years. Thus, the summary SMR
for these cohorts may have been larger if
longer latency periods had been taken into
account. These observations support a role
for amphibole asbestos in the etiology of
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colorectal cancer. They also further rein-
force that exposure to amphibole asbestos is
more hazardous than is exposure to serpen-
tine asbestos, although a recent report has
indicated that the latter may be more harm-
ful than once thought (37).

The mechanisms by which amphibole as-
bestos might cause colorectal cancer are not
known. Migration of asbestos fibers into the
colonic wall has been observed, indicating
that exposure occurs to the epithelial cells
from which carcinomas arise (38). Recently,
both chrysotile and crocidolite asbestos
were reported to produce aberrant crypt foci
in the colon of rats (39). However, most ani-
mal studies have shown no evidence of car-
cinogenicity from lifetime ingestion of cro-
cidolite (40), tremolite (41), or amosite (42)
asbestos.

Previous studies have not used exposure
estimates, but have used lung cancer SMR
as a proxy estimator of asbestos exposure.
The results presented here indicate that, al-
though lung cancer SMR is correlated with
colorectal cancer SMR, the interpretation of
this association must be cautious as the colo-
rectal cancer SMR is elevated only in those
studies in which the SMR for all cancer, ex-
cluding asbestos-related cancer, is elevated.
Indeed, after taking the SMR for all cancers
into account, the association between lung
cancer SMR and colorectal cancer SMR
weakened appreciably. A similar phenom-
enon was observed for the percentage of all
deaths from mesothelioma. The correlation
between lung cancer SMR and colorectal
cancer SMR (and the correlation between
lung cancer SMR and all cancer SMR) has
two alternative explanations (5). First, it
suggests that, in studies of asbestos workers,
lung cancer and mesothelioma are miscer-
tified as cancers of all other sites. Since lung
cancer may metastasize to nearly every or-
gan system in the body (43) and since me-
sothelioma is underreported on death cer-
tificates (44), this hypothesis is plausible.
The second explanation, that occupational
exposure to asbestos may produce cancer in
practically all organs, seems biologically
implausible and is not supported by epide-
miologic evidence to date.

An issue in any meta-analysis is whether
the studies included are wholly representa-
tive of the literature. The present study is
unlikely to suffer from this type of bias as
the extensive literature on asbestos mortality
has been the subject of multiple reviews
(1-5, 25); these reviews were used to check
the thoroughness of the literature search for
this analysis. A related problem, publication
bias, is more likely to exist because of nega-
tive findings regarding colorectal cancer
mortality being less likely than positive
findings to be published and thus not taken
into account (45). Identified but not used
were four studies that had incomplete in-
formation on one or more of the variables of
interest, with no reasonable imputation pos-
sible (46-49).

Consistency of outcomes in a meta-
analysis is important as different outcomes
can be influenced by different factors; for a
neoplasm with variable survival such as
colorectal cancer, it is likely that the factors
affecting incidence and mortality do not
neatly overlap. Consequently, two cohort
incidence studies (50, 51) and three propor-
tional mortality studies (52-54) were ex-
cluded. However, an analysis was per-
formed adding these five studies to the
cohorts used, and no major changes in the
inferences resulted.

Caution must be observed when interpret-
ing the results of a meta-analysis of SMRs.
The comparison of SMRs across studies is
generally inappropriate unless the age struc-
tures of the populations generating the mea-
sures are equivalent (55). Although the bias
that results from doing this generally will be
small (56), it may be a significant source of
heterogeneity. Summary measures also
must be interpreted cautiously when there is
evidence of meaningful underlying hetero-
geneity among the SMRs. When the hetero-
geneity statistics are large and very sig-
nificant, they warn that considerable
heterogeneity exists that should not be
ignored.

The most important function of meta-
analysis may be to identify sources of het-
erogeneity within a subject literature (56,
57). The findings presented here suggest
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that asbestos type is an important source of
heterogeneity and that the examination of
this factor adds appreciably to the under-
standing of colorectal cancer risk.
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